In an earlier report, we used differential cloning to identify genes that might be critical in controlling arterial neointima formation (Giachelli, C., N. Bae, D. Lombardi, M. Majesky, and S. Schwartz. 1991. Biochem. Biophys. . In this study, we sequenced the complete cDNA and conclusively identified one of these genes, 2B7, as rat osteopontin. Using immunochemistry and in situ hybridization, we found that medial smooth muscle cells (SMC) in uninjured arteries contained very low levels of osteopontin protein and mRNA. Injury to either the adult rat aorta or carotid artery using a balloon catheter initiated a qualitatively similar timedependent increase in both osteopontin protein and mRNA in arterial SMC. Expression was transient and highly localized to neointimal SMC during the proliferative and migratory phases of arterial injury, suggesting a possible role for osteopontin in these processes. In vitro, basic fibroblast growth factor (bFGF), transforming growth factor-,@ 8) , and angiotensin II (AII), all proteins implicated in the rat arterial injury response, elevated osteopontin expression in confluent vascular SMC. Finally, we found that osteopontin was a novel component of the human atherosclerotic plaque found most strikingly associated with calcified deposits. These data implicate osteopontin as a potentially important mediator of arterial neointima formation as well as dystrophic calcification that often accompanies this process. (J. Clin. Invest. 1993Invest. . 92:1686Invest. -1696
Introduction
The most common characteristic of the response of blood vessels to injury is the formation of a neointima. This occurs following angioplasty, but is also seen in hypertension, renal and radiation injury, or trauma to any layer of the vessel wall ( 1) . Most importantly, formation ofthe neointima following injury is believed to be an important model for the initial steps and progression of atherosclerotic lesions as well as the rapid restenotic changes seen after angioplasty (2, 3) .
The steps involved in formation ofthe neointima have been studied in detail, using the model ofballoon angioplasty injury in the rat artery (2) . In this model, endothelial denudation combines with medial damage to induce quiescent arterial smooth muscle cells (SMC) to enter the cell cycle, remodel their cytoskeletal components, and change adhesive properties and gene expression patterns. The net result is an activation or modulation of medial cells to become migratory and invade a normally SMC-deficient vascular compartment: the neointima. Once there, neointimal SMC adopt a number of special properties that distinguish them from the underlying medial SMC. We might, therefore, consider the cells that form the neointima as "activated" or modulated to perform the special functions associated with the repair process.
Although it is unclear what initiates SMC activation under these conditions, neointimal SMC share many ofthe properties ofdevelopmentally immature SMC ( 1, 4) and it is intriguing to consider the possibility that similar mechanisms are used during development and during formation of the neointima. We have explored this hypothesis by differentially cloning genes that were selectively elevated in both rat neointimal and pup medial SMC compared to uninjured adult medial SMC (5, 6) . As a result of this effort, we have discovered several genes which appear to mark an "activated" SMC phenotype both in vitro and in vivo. These included elastin and collagen I (al ) (6) , as well as 2B7, an mRNA that had not previously been described in smooth muscle cells (5) . When partially sequenced, 2B7 showed high homology to osteopontin (secreted phosphoprotein 1) (5) . In that report, we showed that 2B7 mRNA was present in total RNA prepared from the uninjured aorta and carotid arteries by Northern analysis. As predicted by our cloning strategy, 2B7 mRNA levels increased approximately fivefold in the carotid artery 48 h following de-endothelialization by balloon catheter, and remained elevated 7-14 d after injury (5) .
In this paper we report full-length sequence data unequivocally identifying 2B7 as encoding rat osteopontin. Osteopontin is a highly acidic, secreted glycoprotein associated with bone morphogenesis (7, 8) , cell transformation (9, 10) , immune cell activation ( 1 1, 12) , and bacterial resistance ( 12, 13) . Although it is thought to play a role in bone mineralization and to mediate bone cell adhesion to calcified matrix via an arginineglycine-aspartate (RGD)-dependent mechanism (8) , the function of osteopontin in other tissues is not yet understood. To this end, we have investigated the potential role of osteopontin in arterial tissue by determining its cellular distribution throughout the various phases of neointima formation after balloon catheter injury to rat aorta and carotid arteries. In ad-dition, we report in vitro studies aimed at determining whether peptide factors thought to be important in arterial neointima formation regulate osteopontin mRNA and protein expression. Finally, we have found that osteopontin is a novel component of atherosclerotic plaque. Our data suggest that osteopontin may play an important role in arterial neointima formation.
Methods
Animal surgery andpreparation oftissues. Adult male Sprague-Dawley rats weighing -400 g (at -3 mo of age) were purchased from either Simonsen Laboratories (Gilroy, CA) or Tyler Labs, Inc. (Bellevue, WA). Rats were anesthetized with an intramuscular injection of Innovar-vet, 0.2 ml/kg and intraperitoneal injection of pentobarbital, 5.4 mg/ kg (Pitman-Moore, Mundelein, IL). Angioplasty of the carotid or aorta was performed using a balloon embolectomy catheter as previously described ( 14) . Briefly, the 2F embolectomy catheter was introduced through the left external carotid, advanced into the abdominal aorta, inflated, and withdrawn. This sequence was repeated three times to achieve total endothelial denudation of the thoracic aorta and the left common carotid artery (as monitored by Evan's blue staining). The contralateral, uninjured carotid artery from the same animal, or aortas and kidneys from uninjured animals, served as control tissues. Surgically treated animals were housed individually in plastic cages and fed rat chow and water ad lib. At the appropriate times after injury, the rats were killed by ether inhalation, and, in some cases, tissue was perfusion-fixed in 4% paraformaldehyde, and embedded in paraffin as previously described ( 15) . Microtome sections (5 gm) were mounted on vectabond-coated slides (Vector Labs, Burlingame, CA). Tissues prepared in this way from four to six rats per time point were used for both immunocytochemical and in situ hybridization studies. For isolation of RNA, aortas from four similarly treated rats were pooled and processed as previously described (5) . Human atherosclerotic plaques were obtained from patients undergoing carotid endarterectomy surgery. Human coronary arteries were obtained after autopsy. These tissues were fixed and embedded as previously described ( 16) .
ImmunocvtochemistrY'. The avidin-biotin peroxidase complex (ABC) technique as described by Hsu et al. ( 17) was used to detect the osteopontin epitopes in arterial tissue. The reagents for this analysis were purchased as a kit (Vectastain Elite; Vector Labs). Slides were deparaffinized, rehydrated, and incubated 35 min in 3% H202 in methanol to block endogenous peroxidase activity. Nonspecific binding was blocked by incubating slides with normal rabbit or mouse serum in PBS containing 1% BSA and 20 ,g/ml f-galactosidase (Gibco-BRL Gaithersburg, MD). 2ArC and 2arN are affinity-purified, rabbit polyclonal antibodies that recognize the COOH-terminal 73-214 amino acids and NH2-terminal 215-294 amino acids of mouse osteopontin fused to f-galactosidase, respectively ( 18) . LF-7 is a previously characterized rabbit polyclonal antibody directed against human bone-derived osteopontin ( 19) . These antibodies were used at 1:50 dilutions (for affinity-purified 2arC and 2arN) and between 1:12,000 and 1:2,000 (for LF-7 antiserum). Control antibodies were used at equivalent concentrations and included: (a) rabbit or mouse nonimmune serum; (b) anti-f-galactosidase antiserum; and (c) omission of the primary antibodies. Primary antibodies were diluted in PBS and incubated at room temperature for 1 h. Washing and developing of color were performed as suggested by the manufacturer. For some studies with LF-7, NiC12 was added to the alkaline phosphatase substrate to generate a black reaction product, and counterstaining of sections was performed with methyl green. Cell types in human atherosclerotic plaque were distinguished using single label immunoperoxidase staining of serial sections with anti-CD68 and HAM-56, which recognize human macrophages (20), and HHF-35, which recognizes muscle actin and therefore is specific for smooth muscle in this context (21 ) .
These antibodies were utilized as previously described ( 16 SMC culture, Northern, and Western blot analyses. Rat SMC were derived from normal adult or 1 2-d-old (pup) rat aortic tunica media or 2-wk ballooned rat carotid neointima by enzymatic dispersion as previously described (23). Cells were grown in Waymouth's complete media (Gibco Laboratories, Grand Island, NY) supplemented with sodium pyruvate, nonessential amino acids and glutamate, 5% bovine serum (Hyclone Laboratories, Inc., Logan, UT), penicillin, and streptomycin, and used between passages 10 and 15. Factors used for osteopontin mRNA and protein regulation studies were bovine pituitary bFGF, human PDGF (Collaborative Research, Inc., Bedford, MA), synthetic All (Sigma Chemical Co., St. Louis, MO), porcine platelet TGFB ( R & D Systems, Minneapolis, MN), and FCS (Hyclone Laboratories, Inc.). Peptide dosages were chosen, based on published information such that maximal ligand-receptor interactions would be facilitated. RNA was isolated and analyzed by Northern analysis as previously described using the rat osteopontin cDNA clone, 2B7 (5) , the rat elastin cDNA clone, 56A3 (6) , and a human glyceraldehyde-3-phosphate dehydrogenase clone (GAPD), pHcGap (24) . Densitometry was performed using a densitometer (model R-1 12; Beckman Instruments, Inc., Fullerton, CA) on several different film exposures to ensure linearity of response.
For protein studies, cells were treated with the appropriate peptide factors and conditioned media were collected 48 h after addition. During this time there was no evidence of cell death as judged by light microscopy. Conditioned media samples were dialyzed against PBS, concentrated on centriprep ultrafiltration columns (Amicon Corp., Danvers, MA), and assessed for protein content using the Micro BCA protein assay kit with BSA as a standard (Pierce Chemical Co., Rockford, IL). Barium citrate adsorption was performed by adding '/io vol 0.61 M barium chloride and '/io vol 0.13 M sodium citrate to dialyzed conditioned media samples. The resulting precipitate and adherent proteins were washed three times with water and eluted into 0.2 M sodium citrate. Equivalent amounts of protein were then dissolved in sample buffer, boiled, and applied to a 9% polyacrylamide gel by the method of Laemmli. Identical gels were either stained with Coomassie brilliant blue G250 or transferred to nitrocellulose using an electroblot system (Bio-Rad Laboratories, Richmond, CA). Western blot analysis was performed using MPIIIB1O( 1) 5 ng/ml and an alkaline phosphatase detection system. MPIIIBIO( I ) is a mouse monoclonal antibody directed against rat bone osteopontin obtained from the Developmen-tal Studies Hybridoma Bank (Iowa City, IA). In some cases, 125I-labeled sheep anti-mouse IgGF (ab')2 (NEN, Wilmington, DE) was utilized as the secondary antibody, and autoradiography was performed to detect radiolabeled bands.
Results
Complete sequence analysis ofdifferential clone 2B7. Complete sequencing of the 1,025-bp 2B7 cDNA and subsequent computer search indicated that this sequence shared 99.6% identity with the comparable region of the previously reported cDNA for rat bone osteopontin (22) . Clone 2B7 begins at position 16 and ends at position 1040 relative to rat bone osteopontin mRNA and contains the entire coding region. Ofthe three base substitutions (out of 1,025), only one (a C to T transition at position 101 ) led to a conservative change in the amino acid sequence at position 8 from a Leu to Phe. The other differences in nucleotide sequence were an A to G substitution at position 160 and a G to A substitution at position 529, neither ofwhich changed the corresponding amino acid sequence. Fig. 1 shows the amino acid sequence derived from translation of the largest open reading frame within the 2B7 cDNA sequence. The rat smooth muscle-derived osteopontin mRNA encodes a 317 amino acid protein with several interesting features. These are indicated in Fig. 1 (25) . These features are characteristic of osteopontin as descibed in a number of other species ( 18, 19, 26) .
In situ localization of osteopontin mRNA and protein in normal rat arteries. As illustrated in Fig. 2 A, uninjured rat arteries showed very low level staining with 2arC, an affinitypurified, polyclonal antibody raised against the COOH-terminal portion of mouse osteopontin expressed in Escherichia coli ( 18) . The staining observed was diffuse in some areas, but some focal patches were also seen. In some sections, extracellular staining along elastic lamellae was evident (Fig. 2 A,  arrows) . No staining was observed with control antibodies in any of the artery sections examined (not shown).
Likewise, osteopontin mRNA levels, as measured by in situ hybridization, were low in uninjured arteries (Fig. 3 A) . Signal value higher than that observed in arterial sections using the sense probe (not shown) was seen, however, in several cells scattered throughout the media in the carotid artery. This finding is in agreement with our previous Northern blot experiments showing osteopontin mRNA expression in carotid arteries (5) . No antisense probe hybridization was observed in endothelial or adventitial cells. The sense probe gave no localized signal in any of the artery sections examined (not shown).
Increased osteopontin mRNA and protein levels in rat neointimal SMC. 2 d after arterial balloon angioplasty, osteopontin mRNA levels were elevated in a subpopulation of carotid and aortic SMC closest to the lumen as shown in Fig. 3 , B and C, respectively. 4 d after injury, SMC expressing osteopontin mRNA were still located at the luminal aspect, but cells adjacent to the external elastic lamina also showed elevated expression (Fig. 3 D) . By 7 d after injury, the highest intensity of grains were over cells in the newly forming neointima, but a few cells at the media-adventitial interface still showed increased expression of osteopontin mRNA (Fig. 3 E) . 10 d after injury, all layers of neointimal SMC showed high level expression of osteopontin mRNA compared to the underlying media in both arteries (data not shown). By 3 wk after angioplasty, osteopontin mRNA had decreased substantially in the neointimal layer to levels equal to those in the underlying media in both the carotid (not shown) and aorta (Fig. 3 F) . However, a small population of neointimal cells directly adjacent to the lumen continued to show higher levels of osteopontin mRNA than neighboring intimal SMC. This localized expression of osteopontin mRNA was evident 6 wk after injury, at which time osteopontin mRNA levels in all other parts of the vessel, including the remainder of the neointima, had decreased to uninjured levels (not shown). Corresponding sections probed with the sense probe showed no signal (shown in Fig. 3 G for  2-d ballooned aorta) . At all time points, adjacent sections probed with the sense probe showed no specific signal (shown in Fig. 3 G for 2-d ballooned aorta) .
Early after injury, osteopontin mRNA and protein levels correlated well in the different layers ofthe artery wall. 2 d after injury (not shown), only selected cells lining the lumen were positive for osteopontin protein. As shown in Fig. 2, B mRNA early after injury (see Fig. 3, B-D) . Some sections prepared from 4-d ballooned rat aortas and carotid arteries also showed cells of the outer media expressing elevated levels of osteopontin similar to the mRNA pattern shown in Fig. 3 D. By 7 d, the 2-3 cell layer-thick neointimas present in the aorta and carotid were highly enriched in osteopontin protein (data not shown), with a pattern identical to that observed for the mRNA (see Fig. 3 E) .
Antibody staining for osteopontin at 2 and 3 wk after balloon angioplasty showed that the neointima was highly enriched for osteopontin (shown for 3 wk in Fig. 2 D) . The highest intensity of staining was cytoplasmic, but upon higher power examination (Fig. 2, E and F) some staining could be seen extracellularly in distinct patches throughout the neointima and media over what appeared to be parts or edges ofcells, or along elastic lamellae. Although staining was observed in selected cells ofthe media, the intensity was substantially lower than seen in the neointima. One exception was several clusters of SMC in the outer medial region whose level of osteopontin protein was nearly as high as that observed in the neointimal region (Fig. 2 F, arrows) . Counterstaining of these slides with hematoxylin showed that the labeled cells were within the external elastic lamina, and not part of the adventitial layer (not shown).
The localization of osteopontin protein at this time was in striking contrast to the osteopontin mRNA pattern shown in Fig. 3 F. Whereas osteopontin mRNA levels in the intima and media were decreased almost to uninjured levels, osteopontin protein levels were still high in the intima compared to the underlying media. The accumulation ofosteopontin protein in cells ofthe intima, however, was transient. In sections prepared from arteries 4 and 6 wk after injury, osteopontin protein levels had declined to uninjured levels in both the neointima and the media (data not shown). Thus, the difference in osteopontin mRNA and protein observed at 3 wk most likely reflects the precursor-product relationship of the molecules. Identical staining patterns were observed when a second affinity-purified anti-mouse osteopontin antibody, 2arN (18) , was used instead of 2arC to stain similar sections.
Regulation ofosteopontin mRNA and secreted protein levels in cultured vascular SMC. To explore the regulation of osteopontin expression in SMC, postconfluent, quiescent SMC were treated with FCS, or several peptide factors thought to be important in neointima formation. As shown in Fig. 4 PDGF, on the other hand, had no effect on osteopontin mRNA levels at any time studied, despite the presence of both PDGF-a and -# subunit mRNAs in these cells as measured by
Northern blot analysis (Giachelli, C. M., unpublished observation). Interestingly, osteopontin mRNA levels in untreated, postconfluent SMC were about twofold higher on day 3 than on days 0, 1, or 2. This effect was specific to osteopontin, since elastin mRNA levels did not show the same pattern (Fig. 4 A) pup-conditioned media, consistent with the size ofosteopontin reported in rat bone (7) . The identity of the 66-kD band as osteopontin was further confirmed by its ability to be adsorbed to barium citrate and specifically eluted into 0.2 M sodium citrate, properties previously reported for osteopontin (27) . 2arC also interacted weakly with a smaller protein at 50 kD, which most likely represents a degradation product of osteopontin.
As shown in Fig. 5 Fig. 5 C indicated that equivalent amounts of protein were loaded onto the acrylamide gels used for Western blot analysis. Although these studies do not rule out changes in osteopontin protein levels in the culture media due to changes in degradation rate or compartmentalization, they strongly suggest that bFGF, AII, and TGFall increase synthesis and secretion of osteopontin in rat SMC. Also shown in Fig. 5 B is a comparison of osteopontin protein levels found in the culture media ofadult and pup rat SMC after 48 h of conditioning. As expected, based on previously reported mRNA levels (5), pup SMC-conditioned media contained a much higher steady-state level of osteopontin than comparably collected media conditioned by adult SMC. These levels were even higher than peptide factor-stimulated levels and suggest that pup SMC might be a good source of smooth muscle-derived osteopontin.
Osteopontin is a novel component ofhuman atherosclerotic plaques. We examined specimens of human artery (3 coronary arteries from autopsy and 8 carotid endarterectomy-de- ( 1) rived samples) for osteopontin protein content by immunocytochemical staining using LF-7, an antibody that has been shown to be specific for human bone osteopontin ( 1 9). In arterial sections containing atherosclerotic plaques, LF-7 staining was focal and almost entirely limited to the intima as shown in Fig. 6 A. While no staining was seen in the media of these vessels, faint cellular staining was observed in nerves and some scattered cells of the adventitia. Higher-power examination of the sections indicated that the LF-7 staining was associated with both cellular and acellular regions ofthe plaque. (Fig. 6, C and D) . In two normal coronary arteries, no cellular LF-7 staining was observed in any ofthe vessel layers (not shown). However, occasional fine granular staining was observed in the matrix of the intima, but, in contrast to the plaque, these granules were not basophilic when an adjacent section was stained with hemotoxylin and eosin (not shown). The significance of this granular staining is unknown at present, but might represent early nidi for calcification or some other extracellular accumulation. These possibilities are currently under investigation.
Discussion
In a previous study, we used subtraction cloning to isolate genes that might be important in arterial neointima formation (5) . In the present study, we used sequence analysis to conclusively show that one of these genes, 2B7, encodes rat osteopontin. Furthermore, we have demonstrated by in situ techniques that osteopontin mRNA and protein are dramatically upregulated in vivo following rat arterial angioplasty selectively in neointimal SMC. Neointimal osteopontin expression was transient, occurring over the first 3 wk after arterial injury. The striking temporal pattern and localization of osteopontin in nascent neointimal cells suggests that osteopontin may be important in the early processes regulating neointima formation in the rat such as migration, proliferation, and/or differentiation. Furthermore, we found significant osteopontin protein in human atherosclerotic plaques localized to selected SMC and macrophages, but most strikingly, in association with calcium deposits. No osteopontin protein was observed in normal human arterial media. Based on these findings, we speculate that osteopontin may be important in plaque progression as well as the dystrophic calcification commonly observed in these lesions.
Osteopontin is a secreted phosphoprotein originally described as a noncollagenous protein in bone matrix (8) , but more recently observed in several nonmineralizing tissues, including kidney and arteries (5) . In bone, osteopontin and other acidic phosphoproteins are thought to play critical roles in facilitating and regulating calcium deposition (28) . Osteopontin is a low affinity, high capacity, calcium-binding protein (29) , which can bind tightly to hydroxyapatite, the primary constituent of mineralized bone (22) . In addition, osteopontin contains an RGD cell adhesion motif that is similar to that found in many cell-matrix adhesion molecules, including fibronectin, thrombospondin, and vitronectin (30) , and it has been shown to interact with at least one integrin, the vitronectin receptor (afvl3) on osteoblasts (31 ) . Based on these observations, as well as colocalization studies, it has been suggested that osteopontin may be critical for binding of osteoblasts and osteoclasts to the bone matrix (32) . In addition, a role for osteopontin in cellular movement has been proposed, since osteopontin expression is upregulated in many tumor cell lines (9, 10) and correlates with metastatic potential ( 10) . Furthermore, osteopontin (termed Eta-1 in that report) binds with high affinity to macrophages, and subcutaneous injection of purified Eta-1 into mice stimulates infiltration of macrophages to the site of injection (33) .
The present study supports a role for osteopontin in facilitating cellular adhesion and/or migration during arterial neointima formation in the following ways. First, sequence analysis of 2B7 verified that rat smooth muscle can make a form of osteopontin mRNA that includes an RGD-domain, previously shown to be important for cellular adhesion to osteopontin (22) . Consistent with this, we have recently found that purified smooth muscle-derived osteopontin facilitates RGD-dependent adhesion and migration of rat vascular SMC in vitro (Liaw, L., and C. M. Giachelli, unpublished data). Second, in a rat model of neointima formation, osteopontin mRNA and protein levels were elevated specifically in SMC at the luminal surface of rat vessels at early times (between 2 and 7 d after angioplasty) when SMC leave the media and enter newly forming intima (2) . Osteopontin levels were decreased to uninjured levels by 4 wk after injury, when SMC migration is at a minimum and the rate ofintimal thickening has declined (2) . Last, osteopontin protein was enriched in focal regions of human atherosclerotic intima and not found in the underlying media, providing evidence that gradients of osteopontin may exist in diseased vessels. Although correlative, these data suggest that at least one role for osteopontin in neointimal formation might be in facilitating cellular movement or preferential adhesion in the neointima. However, osteopontin might also be important in the proliferative or differentiation events that also occur in the early phases of neointima formation ( 1, 2) . In this regard, osteopontin has recently been shown to correlate with cell cycle entry in cultured SMC (34) . Development of specific in vivo inhibitors of osteopontin will help us greatly to distinguish between these possibilities.
Recent evidence has shown that growth factors play a role in initiating and regulating neointima formation following balloon angioplasty. Medial SMC proliferation has been shown to be due in large part to endogenous release of bFGF by the injured arterial media (35) . Both bFGF and PDGF are thought to stimulate migration of the medial SMC into the neointima (35, 36) . Factors initiating intimal proliferation are less well understood, but TGF3 has been shown to increase in arteries during wound repair (37) , and both All and TGF/ selectively stimulated neointimal SMC replication when given exogenously to animals in vivo ( 14, 37) . Our in vitro studies suggest that several of these growth factors may also be important in regulating osteopontin expression in SMC. TGFI, All, and bFGF, but not PDGF, elevated osteopontin mRNA and protein levels in confluent, quiescent adult medial aortic SMC. Although bFGF, TGFf, and PDGF have previously been shown to regulate osteopontin mRNA expression in other cell systems (38, 39) , this is the first report oftheir action on vascular SMC. Furthermore, this is the first report ofAll modulation of osteopontin mRNA levels in any cell type. Whether these factors are important in vivo regulators of osteopontin synthesis during neointima formation is currently being examined.
One of the most exciting findings resulting from this study was the focal osteopontin accumulation in human atherosclerotic plaques and its striking colocalization with calcium deposits. One possibility is that the osteopontin found in these areas was derived from plaque SMC and macrophages. Consistent with this idea, we observed intracellular osteopontin staining in both plaque SMC and macrophages (Fig. 6 ) and preliminary in situ hybridization studies indicate that these cell types synthesize osteopontin mRNA in human coronary atherectomy specimens (O'Brien, E., and C. M. Giachelli, unpublished data). Alternatively, osteopontin might be derived from the blood, since human plasma was shown to contain low levels of osteopontin protein ( 10) . Regardless of the source, the close association of osteopontin protein with calcified regions, together with its biochemical properties (7) and proposed role in biomineralization (28) , tempt us to speculate that osteopontin might also play a role in the calcification commonly observed in atherosclerotic lesions. Since calcification may contribute significantly to luminal occlusion and arterial dysfunction in atherosclerotic vessels (40) , determining the possible roles of osteopontin in plaque formation and dystrophic calcification should be high priorities for further research.
